Abstract A 38 year old patient with megalencephaly, mental retardation, and lifelong tremor developed levodopa responsive parkinsonism in his mid-30s followed by the appearance of dyskinesiae, motor fluctuations, hallucinations, and dementia. Brain MRI showed, as well as other changes, iron deposition in the globus pallidus, substantia nigra, and the pulvinar of the thalamus. Postmortem examination disclosed depigmentation of the substantia nigra pars compacta with neuronal loss, gliosis, and Lewy body formation. Axonal dystrophic spheroids, neuronal loss, calcification, and iron deposition were found in the substantia nigra pars reticulata. Less severe changes without neuronal loss were seen in the globus pallidus. Case report A 38 year old left handed man with congenital macrocephaly and mild mental retardation was referred to us at 35 years of age because of progressive and disabling tremor which had been present since childhood. The tremor predominantly involved his left hand and leg and impaired his ability to write and perform other activities of daily living. He denied slowness in performing activities and other motor impairments. There had been no exposure to neuroleptic medications and no history of encephalitis. His family history was significant in that his mother was diagnosed with "normal pressure hydrocephalus". In her 60s she developed parkinsonism and a few years before her death at the age of 70 she became demented. No necropsy was performed.
Hallervorden-Spatz disease and Parkinson's disease are two of the many causes of parkinsonism, each with a distinct neuropathology. Ten per cent of patients with HallervordenSpatz disease are said to have pathological features of both-that is, axonal spheroids and Lewy bodies. ' We report a patient with megalencephaly and dopa responsive parkinsonism who had pathological features, primarily involving the substantia nigra, reminiscent of both Hallervorden-Spatz disease and Parkinson's disease. The concurrence of these features (axonal spheroids, pigmentation, Lewy bodies) is not unique; however, the distribution and severity of changes are distinct. This specific constellation of findings and their association with megalencephaly have not been previously reported.
Case report A 38 year old left handed man with congenital macrocephaly and mild mental retardation was referred to us at 35 years of age because of progressive and disabling tremor which had been present since childhood. The tremor predominantly involved his left hand and leg and impaired his ability to write and perform other activities of daily living. He denied slowness in performing activities and other motor impairments. There had been no exposure to neuroleptic medications and no history of encephalitis. His family history was significant in that his mother was diagnosed with "normal pressure hydrocephalus". In her 60s she developed parkinsonism and a few years before her death at the age of 70 she became demented. No necropsy was performed.
His initial examination disclosed a masked facies, slight hypophonia, and normal eye movements. No Kayser-Fleischer rings were seen. A resting tremor with persistence with posture was prominent in the left arm and was present to a lesser degree in the left leg. A fine action tremor was present in the right arm. Moderate cogwheel rigidity and bradykinesia were found on his left side with mild involvement on the right. There was no dysmetria or ataxia. On ambulation there was decreased arm swing and he had normal postural stability.
Brain MRI T2 weighted images disclosed hypointensities, consistent with iron deposition, in the globus pallidus, substantia nigra, and the pulvinar of the thalamus. T2 weighted hyperintensities were seen lateral to the occipital horns of the lateral ventricles, and to a lesser extent there was involvement of the corticospinal pathways in the internal capsule and in the midbrain cerebral peduncles. No hydrocephalus was noted. 6-L8F] fluoro-L-dopa (Fdopa) PET showed normal caudate uptake and reduced bilateral putamenal uptake more pronounced on the right than the left.
Various medical and surgical treatments were employed in the hope of alleviating his disabling tremor. Propanolol, titrated to 240 mg per day, failed to change the tremor and it "worsened" on 300/75 mg of levodopa/ carbidopa per day. Trials of primidone and The brain weight was increased at 2180 g. The brain was enlarged diffusely in a symmetric manner indicative of megalencephaly, and was without associated polymicrogyria. Coronal sections of the left hemisphere showed an incidental grey matter heterotopia in the white matter and a left occipital capillary telangiectasia. There was subtle histological evidence of cortical microdysplasia without other cortical pathology.
The striatum and brainstem structures, other than the substantia nigra, did not show any gross discoloration. The substantia nigra pars compacta, particularly the lateral aspects (fig 2A) Lewy bodies in remaining neurons ( fig 2B) . The locus ceruleus, nucleus basalis of Meynert, and dorsal motor nucleus of the vagus were normal. Axonal swellings (dystrophic spheroid formation) were present primarily in the substantia nigra pars reticulata ( fig 2C) and were accompanied by scattered microscopic brown pigmentation due to iron deposition and calcification. The pallidum was involved to a lesser degree and some of the deposits were present in a perivascular location ( fig 2D) . The other brainstem structures (pons, medulla), cerebellum, spinal cord, muscles (psoas and gastrocnemius), and peripheral nerve specimens (sciatic and sural) were normal. tive pallidal involvement, which they include in the more general category of "HallervordenSpatz syndrome". This focal pallidal pathology is, in a sense, enantiomeric to that of our patient with more "selective" reticulata findings.
Although the nature of these combined features in our case is unique, the concurrence of the more typical Hallervorden-Spatz disease pathology and Lewy bodies have been described.9 In these patients, Lewy bodies have either been limited to the pars compacta or have been more widespread as in diffuse Lewy body disease. In some cases Lewy bodies were accompanied by neuronal loss and gliosis in the pars compacta, features which are not a part of typical Hallervorden-Spatz disease. However, all had accompanying HallervordenSpatz disease pathology (both dystrophic axons and mineralisation) involving both the pars reticulata and pallidum, the pallidum typically being most severely affected. None have had pathological changes similar to our patient. Many have had parkinsonism, some presenting during childhood or early adulthood."' 22 Some were treated with levodopa and responded14 16 1819 whereas others failed to benefit.'92 22 Theoretically, the extent of the pallidal changes may have differed in these subgroups at the time of levodopa trial, thereby explaining the different levodopa responsiveness. We think that appreciable degeneration of the pars compacta combined with the lack of pallidal neuronal loss and gliosis in our patient explains why there was a response to levodopa.
In summary, our patient presents the unique combination of nigral degeneration with Lewy bodies and dystrophic axons, predominantly involving the substantia nigra, and megalencephaly. Further careful observation and research will be necessary to determine why this combination of cytoskeletal derangements occurs and its relation to the more typical forms of Parkinson's disease and Hallervorden-Spatz disease. The presence of megalencephaly is also of considerable interest, but is of uncertain relevance.
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